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effect. It is a question of the degrce of condensatmion and 
rarefaction. In short, an explosion produces in the air 
waves of compression and rarefrac tion which are per- 
ceived by the eFr as sound, and also can he seen by 
unequal refraction, if they are sufficiently strong.” 
These phenomena are seen as concentric circles about 
the point where the explosion occurs; generally, t,he top 
of a volcano.-C! L. U. 

PROPAGATION OF SOUND AND LIGHT IN AN IRREGULAR 
ATMOSPHERE. 

[Reprinted from Nature, London, June 13,1918, p. W.1 

I suppose that most of those who have list.enec1 to 
(single-engined) aeroplanes in fli ht  must have not,iccd 

moderate distances. It would seem that the chn.nges 
are to be attributed to atmospheric irregulnrities affect.- 
ing the propagation rather than to varittble emission. 
This may require confirmation; but, in any case, a 
comparison of what is to be ex~ected in the analogous 
propagation of li ht  and sound h as a certain interest. 

One point of fifference should fimt be noticed. The 
velocity of propagation of sound through air Fnries 
indeed with temperature, but is independent of pressure 
(or density), while that of light depends upon pressure 
as well aa upon temperature. In  the atmosphere therr 
is a variation of presslire with elevation, hut: this is 
scarcely material for our present purpose. And the kind 
of irregular local variations which can easily occur in 
temperature are excluded in respect of pressure by the 
mechanica.1 conditions, a$, least in the absence of strong 
winds, not here regarded. The question is thus reduced 
to refractions consequent upon temperature variations. 

The velocity of sound is as the squa.re root of the 
absolute temperature. Acc.ordingly for 1 O C. difference 
of temperature the refrtwtivity (p-11 is O.OOlS.7. In 
the case of light the c,orresponcling value of (p-1) is 
0.000294 x 0.00366, the pressure being at.mospheric. The 
effect of temperature upon sound is thus about, 2,000 
times greater than upon light:. If we suppose the systmi 
of temperature differences t.o be altered in this proportion, 
the course of rays of light and of sound will he the snnie. 

When we consider mirage, and tlie twinkling of st.ars, 
and of terrestrial lights at no very great clista~~ces, we 
recognize how heterogeneous the at.mosphere must! often 
be for the propagation of sound, and we need 110 longer 
be surprised at  the variations of intensity wit,h which 
uniformly emitted sounds are received at moderate dis- 
tances from their source. 

It is true, of course, that the question is not eshausteil 
by a consideration of rays, and that we must remember 
the immense disproportion of n-nve lengths, great.ly 
affecting all phenomena of diffraction. A twinkling star, 
115 seen with the nakecl eye, may disappear momentiwily, 
which means that then little or no light, from it falls 
upon the eye. When a telescope is employed t.he t.wink- 
ling is very much reduced, showing that the effcct.s are 
entirely different at  oints so new together as the park 
of an object glass. f! n the ca.se of sound, such sensit.ive- 
ness to position is not to be expected, and the reproduc- 
t.ion of similar henomena would require the linear scale 
of the atmos leric irregularities to be very much en- 

the highly uneven character o f the sound, even at. 

larged .-Lor R Ra y7eigh.. 

PROPAGATION OF SOUND IN AN IRREOULAR ATMOS- 
PHERE. 

By G .  W. STEWART. 
[Paragraph and synopsis reprinted from 

37~3-3378. Article is reprlnted in 
The Phusical Redrw vol 14 No. 

Arronaufh, Nov. 20, I’919, p. 447.1 4, PP. 

Lord Radeigh’s recent reference to and explanation 
of t,he ‘*hi lily uneven character of the sound” from 

additional facts. 
Under poor atmospheric conditions, lower frec uencies 

in aeroplane engine sounds becoqe relatively en h anced; 
under good conditions frequencies of order of 1,000 
d. v. are heard at  greatest distances. The former is 
esplained by irregularities in the atmosphere and the 
latter by characteristics of audition. 

of the sound varies much more rapidly 
than aa t f ie inverse square,. crude observations giving 
much niore nearly inverse sixth and fourth powers for 
masjmum ranges under fair and good listening condi- 
tions, respectively. 

aeroplanes 7 eads the writer to make a record of three 

Intensit 

SOME UNSOLVED PROBLEMS IN CANADIAN WEATHER. 

[Reprinted from Meteorol. Off. Circular, Nov. 1,1919, pp. 4-5.1 

Previous to the rneteorolo a t  the 
Association for 

tlie Advancenient of Science; Sir Frederick Stu art 
reacl a paper before Section A, on “Some unsoved P 
prol-,lenis in Canadian weather,” making s ecial refer- 

Alberta. He referred to tlie pressure and temperature 
conditions of two recent consecutive Januaries in which 
tlie mean t.emperatures at  Cal arv were 16’ F. and 47’ F., 
respectively. During the co I! d January the mean pres- 
sure of the mont,Ii in the northwest of Canada was as 
high as 30.75 inches, but in the mild January only 
2CJ.07 inches. In the cold January theTe was intense 
t,errcstrial radiation and light northerly winds prevailed, 
but in the mild .January wibh the low pressure, fohn 
(chinook) winds persi?ted, and tmlie temperatuer in 
-4lbert.a was hi h continuously. The fohn effect was 

four niount.ain chains so t.hat tmliey were clynaniically 
warmed winds. In the discussion that follom-ed Sir 
Napier Shaw pojnted out certain objections that applied 
to the coiiventioiial esplanation of fohn effects. 

Bournemout,li meeting of the 

ence to the climatic peculiarities of the T; romnce of 

clue to the wincs 7 from the Pacific. having to taaverse 

CLIMATE OF THE BELCHER ISLANDS OF HUDSON BAY. 

By ROBERT J. FLAHERTY. 

[Excerpt Iron1 article on “The Belcher Islands of Hudson Bay” in Geog. Rto., June, 
1918, vol. 5, PP. 133-15s (PP. 4534541.1 

The climate of tlie islands differs widely from that 
of tlie opposite mainland. Coni ared with weather 
reports from Great Whale River P or the same 

October [1915] till early December win B s of a velocity up 

our observations gave a far greater proportion 
cast skies and fogs, st,ronger and more 
but higher and more equable tem eratures. From 

to 50 miles were almost constant, and the sky was con- 
tinuously overcast. 

1 Pee this REVIEW, p. 163. 



No snow covered the ground ernianently until 
November 15, and no ice was forme R in the small lakes 
near the wintering base until December 4, when the 
long periods of winds ceased and a fortnight of calm, 
clear weather set in. The mercury did not fall below 
zero until January 2-a weatrher condition without 

Great Whale 
giver early in December had a minimum temperature 
of -30" nnd recorded a constant, average for the period 
well below zero [F]. 

On Janua.ry '3 [1916] winter commenced in earnest. 
The month was characterized by constant drifting winds of 
a maximum force of 70 miles: calm days were unkno\\-n; 
and the average tempemture was -16". In February 
the wiiinds abated; there were many days of sunshine, 
a few of tlieni almost calm. The average tem erature 

winds again prevailed; by the end of the month tlie 
snowfall for the winter had reached its masimuni, 
4 feet; the average temperature for the month rose to 
-go. In April ancl May there was the usual Irevalence 
of wind, and several blizzards occ.urred, enc r 1 covering 
a In the latter part. 
of %ay the weat,her broke and became warm and sum- 
mery; in fact,, there were heavy thunderstorms at  this 
time. On May 25 sledging over the ice fields wns ab 
an end, and by June 10 the field ice surrounding the 
islands had blown off to southward. Then commenced 
the most t q h  time of tlie y,ea.r;.for hardly two days 

onward to the time of our departure on September 13 
exceedingly lien27 gales of wind of froin one to three 
days' duration occurred in eveiy week. The prevailing 
direction of the winds was sout,h-sout,h~~-est for not 
only that period but for the entire year. Days of sun- 
shine were rare : the s k ~  was wmmdlj- overcns t. :. and 
rains, accompanied usua~ly by Tienvy southeast winds, 
were freciuent. According t.0 the nat.ives tslie weather 
we esperienced $wing that wa.r was not at  all typical: 
usually, t.hey smd, the winds w r e  fewer and less vio- 
lent, and trhe t,emperat,urc during t,he winber was lower. 
The remarkable lateness of tslie freeze-up (December 53 1 
was, they said, without precedent. The minimum 
tem erature for the wiiitcr was -4s" as conipared with 
the yowest mean reported temperature on the mainland 
of - 55O. The masiniuni t.liicliiiess of fresh-water ice 
was 53 feet, and of sea ice, 5 feet. The niasinium 
temperature for the summer, occurriug on July 25 at. 
noon, was 70". 

recedent in my esperience of the North. 

for the month was - 19" [F]. Throughout Marc P 1 strong 

eriod of from one to two d a p .  

together &d 9 air weather obtain. From mid-June 

CLIMATE OF T H E  GALAPAGOS ISLANDS. 
BY G .  xir . MCBRIDE . 

[Excerpts from article M ''Tho I.hlapaenr Islands'' in Qrogr. Rriv., September, 1918, 
vol. 6, pp. -239 (pp. ?36,237,239).] 

The Galapagos Islands lie a t  the meeting-place of two 
ocean currents. * * * The Humboldt Chrrent, dur- 
ing nine months of the year when the trades are blowing 
constantly, divides into two branches off the coast of 
Ecuador, and larger one veering westward toward the 
Gala agos. Its velocity is very great, sometimes as 

a warm c.urrent that has c.onze down along the coast of 
Central America enters this same re ion. The meeting 
of the different streanis produces wfat has been called 
"current doldrums,?' the current turning east or west, 
north or south, according to the direction of the wind. 
The fact that the current from the southeast is cold and 

muc i as T5 miles a clay. * * * From the northeast 
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that i t  flows along a desert coast where few streams enter 
the sea, while the northern current has a higher tam- 
perature and bathes a shore whose numerous torrents 
in  the rainy season come laden with sediment, probably 
accounts for the greater resemblance of fauna and flora 
to those of Central America. 

The climate of the Galapagos is far from equatorial. 
The presence of cold water from the Humboldt Current 
reduces still farther the mild temperature to be expected 
in an oceanic climate. Damin reported a temperature 
of 60" F. 1 foot below the surface on the southeast side 
of Alhermarle? and Wolf records surface temperaturea of 
70" F. and 73" F. a t  several points between the islands. 
So marked is the effec.t of the cold current that, while the 
geographical e uator passes directly throygh the group 

throughout many months departing over 30" of latitude 
from the geographical line. 

This favors the development of strong southeast trades 
at  the islands during most of the year. A further con- 
tributing influence to the cool temperature of the ocean 
in this region is probabl fnund in the u welling of cold 
\\-at,cr from the ocean c&pths.' These P actors combine 
to make the Galapagos cooler than any other equatorial 
land at  so near sea level. Even on the lowlands the 
heat is modified, but the effect of air currents from off a 
cool water surface is most striking as one ascends the 
slo es toward the interior. 

$he zones of vegetation find their explanation in the 
varying meteorological conditions that exist at different . 
levels. Both in temperature and moisture is this dif- 
ference nntable. Though continuous records are lack- 
ing, the observations made by scient.ists at  different 
seasons of the year give a fairly accurate idea of the cli- 
mate. While near sea level the temperature often rises 
to 90" F. (even higher in places sheltered from the wind), 
Wolf found a fall of one or two de ees for every hundred 
met.ers of ascent. .Upon the mi&e slopes some 400 to 
600 feet above the sea the average tem erature was less 
than 70" E'. On the summit of the hif  of San Joaquin 
in Chatham Island a t  an elevation given as 2,330 feet, he 
recorded a mid-day temperature of 57.2" F. during heavy 
niist and n strong southeast wind. There is little varia- 
tion from day to clay and no marked seasonal difference 
A passing cloud, or the presence of a fog, produces 
greater change of temperature than do the seasons, while 
the greatest range occurs from day to night. After sun- 
down i t  heconies actually cold on the higher hills, and 
trawlers who ass the nights there in the open air 

months of the year. 
The northern islands lie more within the influence of 

the warmer ocean waters from the Gulf of Panama, those 
towa.rc1 the sout,h receiving the full effect of the cold 
Humholdt Current. The low temperature of the ocean 
waters had made ossible the occurrence of some forms 
of life rarely founcfoutside the higher latitudes. Several 
kinds of seals are common, among them O t a k  u,wtraZiS, 
found also on the coast of Peru and Chile and about the 
islands of Tierra del Fuego. Pen ins, whose range is 

ferc found directly u on the e uator; end the 
albatross so comnion a ! out Cape orn has followe the 
cold currcnt toward the north, nesting by hundreds upon 
the island of Hood. 

of islands the B t crmal equator lies some distance north, 

huddle al)out t P ieir camp fres even during the milder 

enerally restricted to the coast o Pl subpolar regions, are rt 
1 CI. R. E. Coker: Ocesn Temperature OB the coapt of Peru, Gcogr. Rccr*s, vol. 5, 

1918, pp. 137-7-135. 


